AUTOMATED STROBOSCOPING OF VIDEO SEQUENCES 

Technical Field 

[0001] The present invention is concerned with techniques for generating 

stroboscopic images. 

Background of the Invention 

[0002] A stroboscope is a device for analyzing fast motions; because of the 

latency properties in the human retina, a moving object seen through a rapidly switching 
shutter is perceived as a series of static images along the object's trajectory. In 
photography, a stroboscope effect can be achieved by repeatedly exposing the same film 
by means of a periodically switching shutter, to obtain, in the final image, repeated copies 
of the object along its trajectory. The same effects are achieved if, in lieu of a repeatedly 
switching shutter, a repeatedly switching illumination source is used. Such an 
illumination source is usually called a "strobo-light". 

[0003] In sports events, stroboscope techniques are of interest for analyzing the 

evolution over time and space of an athlete's gesture or stance, or other kinds of motion 
such as object trajectories, e.g. of balls, racquets, clubs and the like. Static photographic 
techniques are already in use, providing a "visual synopsis" of a fast sport action such as 
the 100 meter dash, for instance. Since, typically, the field of view of a static 
photographic camera cannot encompass the entire spatial extent of the athlete's course, 
relatively cumbersome solutions have been employed, in which several cameras are 
placed along the path of the athlete and synchronized so as to take a shot of the path when 
the athlete passes by. The resulting successive images can be joined together to compose 
a global view of the event in space and time. 

Summary of the Invention 

[0004] We have recognized that standard video footage even from a single video 

camera can be used to obtain, in an automated fashion, a generalized stroboscope 
sequence of a sports event, for example. The notion of a generalized stroboscope 
sequence includes a static image of photographic nature, e.g. of the type generated by 
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known stroboscoping techniques as described above. Also, a generalized stroboscope 
sequence can be a video sequence in which camera motion remains present, in which case 
the video sequence can be rendered as a panning camera movement on a stroboscope 
picture or as an animated stroboscope sequence in which the moving object leaves a 
trailing trace of copies along its path. Multiple cameras can be used for an expanded field 
of view or for comparison of multiple sequences, for example. 

Brief Description of the Drawing 

[0005] Fig. 1 is a schematic block diagram of apparatus for automated 

stroboscoping. 

[0006] Figs. 2a-2c are frames from a stroboscoping sequence of an ice skating 

toe-loop triple jump. 

[0007] Fig. 3 is a stroboscoping image of an ice skating pair throw jump. 

[0008] Figs. 4a-4c are frames from a stroboscoping sequence of a soccer event. 

Detailed Description 

[0009] Fig. 1 shows exemplary apparatus for producing a stroboscope sequence 

from a single-source video sequence in accordance with a preferred embodiment of the 
invention. 

[0010] The video sequence from a standard camera is fed to a Background- 

Foreground Extraction Module 101 for separating the video information into a 
sequence/stream BG of background images and a sequence/stream FG of foreground 
images, with one background image and one foreground image for each frame of the 
original video sequence. 

[0011] The same video sequence is fed also to a Camera Motion Estimation 

Module 102 for extracting a stream MP of camera motion parameters. If the camera is 
equipped with motion tracking sensors, the Module 102 can receive an additional input 
from the camera. 

[0012] The foreground video information stream FG is fed to a Triggering 

Module 1 10, for selecting from the stream FG multiple instances FG1 of representations 
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of one or several foreground features to appear in the stroboscoping sequence, e.g. 
objects, individuals, body parts or outlines. For example, in a soccer game the ball and 
one or several players may be chosen for stroboscoping. For the ball, stroboscoping may 
be of interest for each frame, while copies of players may be placed only at key instants in 
the action. Thus, at different triggering instants the selection of features can differ as to 
their number and quality. 

[0013] The foreground images FG1 together with the stream of background 

images BG and the motion parameters MP are further processed by a Synthesis Module 
120 which, according to a prescribed stroboscoping strategy, processes the visual 
information in the streams FG1 and BG to produce streams FG2 and BG2 in which a 
composite parametric description of the stroboscope sequence is embedded. 
[0014] Finally, following a prescribed rendering strategy, a Rendering Module 

130 transforms the embedded representation and the visual information of the streams 
FG2 and BG2 into an output sequence suitable for display on a video device or 
photographic print medium. 

[0015] The Foreground Extraction Module 101, Camera Estimation Module 102, 

Triggering Module 110, Synthesis Module 120 and Rendering Module 130 are described 
below in further detail. 

A. Background-Foreground Extraction and Motion Parameter Modules 
[0016] First in producing a stroboscope sequence, in foreground-background 

estimation, objects moving in the foreground are segmented from the background, and, 
unless known from camera instruments, the camera motion parameters are estimated. 
Foreground-background estimation identifies the moving object(s) in the video frames, 
e.g. the foreground athlete(s) and equipment (e.g. a soccer ball) versus the background 
sport field. The motion parameters provide for a common visual referential for the video 
sequence, so as to enable blending together successive frames of the video sequence. 
Foreground-background and camera motion estimation can be carried out using 
established video processing techniques, in partially or fully automated fashion. 
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B. Triggering Module 

[0017] The Triggering Module 110 serves for selecting those foreground features 

which will be inserted in the stroboscope sequence. Such selection can proceed 
according to one of the following strategies: 

[0018] 1 . Frame-based triggering, in which foreground features are selected at 

fixed frame intervals, say every n frames. 

[0019] 2. Time-based triggering, in which foreground features are selected at 

fixed time intervals, say every t seconds. 

[0020] 3. Spatial triggering, in which foreground features are selected when in 

alignment with pre-specified locations in the background. 

[0021] 4. Event-based triggering, in which foreground features are selected when 

a specific action takes place (e.g. each time an athlete touches down in a triple jump). 
[0022] 5. User-defined triggering strategy, in which foreground features are 

selected ad-hoc as desired, e.g. involving a user clicking on features in frames. 

C. Synthesis Module 

[0023] The Synthesis Module 120 serves for the registering, pre-processing and 

re-framing of the selected foreground features and the background visual information. As 
the stroboscope process results in a composite picture or video sequence in which visual 
information from different instants in time is compounded, pre-processing serves to 
establish a common visual referential for the composite images. Such pre-processing 
includes the computation of a common focal plane, the construction of a composite 
background image, and the warping of the foreground features onto the chosen focal 
plane. These computations are performed according to a given synthesis strategy, such 
as: 

[0024] 1 . Wide angle synthesis, in which the field of view is expanded to 

encompass a pre-defined portion of the foreground motion; e.g, in triple jump the field of 
view can be expanded to ensure that the whole excursion of the final jump fits on the 
field of view; 

[0025] 2. Narrow angle synthesis, in which a wide-angle shot of an event (e.g. a 
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horse race such as steeple chase) is narrowed to encompass a user-defined portion of the 
background where the action is taking place; 

[0026] 3 . Global synthesis, in which the field of view is determined so as to 

encompass the entire course of the foreground movement; e.g., in triple jump the field of 
view can be expanded to ensure that the leading run and all the jumps fit within the field 
of view. 

D. Rendering Module 

[0027] Once the synthesis parameters have been computed, the stroboscope 

sequence is created as a visual image by the Rendering Module 130 which can employ 
one of the following rendering strategies to produce either a video sequence or a static 
image: 

[0028] 1 . Still picture stroboscoping, used to generate a single image from the 

video sequence, in which the field of view is in accordance with the synthesis strategy of 
module 120, and in which the selected foreground features are inserted in the common 
reconstructed background; 

[0029] 2. Scanned stroboscoping, used to generate a video sequence from a still 

picture stroboscoping image obtained as per 1 . above, in which the still picture is scanned 
horizontally or vertically or both for displaying on a video screen. Such scanning need 
not be uniform but may be with varying scanning direction, speed and focal length, for 
example. Scanning parameters may be chosen interactively, e.g involving a user 
manipulating a joy stick; 

[0030] 3. Dynamic stroboscoping, used to generate a video sequence re-framed 

according to the synthesis strategy of module 120, in which the foreground objects are 
permanently inserted in the background when the triggering instants are reached and in 
which, in between triggering instants, the foreground motion proceeds normally; 
[0031] 4. De-multiplication, used to generate a video sequence re-framed 

according to the synthesis strategy of module 120, in which copies of the foreground 
object are permanently inserted in the background when the triggering instants are 
reached and in which the foreground object leaves a semitransparent "trace" of its 
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movement in between triggering instants. 

[0032] 5. Motion unrolling, used to generate a video sequence re-framed 

according to the synthesis strategy of module 120, in which copies of the foreground 
object are inserted in a possibly synthetic background with an arbitrary spatial 
displacement. This is useful to apply stroboscoping to fast rotation movements which 
unfold "in place", e.g. the fast spin of an ice skater around her axis. 
[0033] Rendering a stroboscope further can include controlling foreground object 

persistency, e.g. so that earlier representations of the object are made to appear to fade 
and become transparent progressively as compared with later representations. Similarly, 
foreground objects can be suitably colored as a function of a time index. Thus, in a still 
picture of a football game, for example, it will be apparent at what time a player is where 
he is shown. Coloring can also be used for purposes other than time indexing, e.g. in a 
football game for player identification, with different players shown in different colors. 
[0034] When sufficient information is available, e.g. as obtained from multiple 

representations of an action from different points of view, stroboscopic rendering can 
include spatially 3 -dimensional reconstruction to enable viewing from points selected 
other than a camera location, e.g. in a virtual tour or fly-around fashion. Traces of 
features can be left over time, e.g to show position, trajectory and stance of an ice skater. 
In a soccer event, the ball can be made to appear in a stroboscopic fashion in three 
dimensions. 

E. Examples 

[0035] A stroboscoping video sequence was generated of an ice skating toe-loop 

triple jump, using wide-angle synthesis and dynamic stroboscoping rendering. Selected 
frames, shown as Figs. 2a-2c pertain to the beginning, the air time, and the landing of the 
athlete. As the athlete is seen moving in the sequence, a trail of copies is left behind in 
her path. 

[0036] A stroboscoping image was generated from original video footage of an 

ice skating throw jump, using global synthesis and image rendering. The result, shown as 
Fig. 3 is a single still image of the athletes' movement, encompassing the entire duration 
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and spatial extent of the jump. 

[0037] From an original video sequence of a soccer event, a stroboscoping 

sequence was generated using narrow-angle synthesis and dynamic stroboscoping image 
rendering. The specific frames shown as Figs. 4a-4c show phases of a successful scoring 
event, with the ball being represented repeatedly, at positions it has traversed. 

F. Applications and Extensions 

[0038] A first application of the technique is the detailed analysis of sports in 

which a single athlete performs a fast gesture with a significant extension in space. 
Sports such as jumps (long jump, triple jump, high jump) or diving or ice skating can 
benefit from this type of analysis. 

[0039] Stroboscoping is also of interest for tracing trajectories of objects like 

soccer balls, tennis balls and so on. In this case, as exemplified by Figs. 4a-4c described 
above, the sequences are obtained by inserting in the current video frame several copies 
of the video image of the ball at the location the ball occupied at previous instants in time 
Such copies are obtained from previous video fields which are warped onto the visual 
referential of the current video field. The advantage over known trajectory tracing 
methods is that the speed of the ball is implicitly shown in the stroboscoped trajectory, as 
the spacing between the images of the ball shows the speed of the ball. 
[0040] The system can be extended to on-demand video delivery services. Thus, 

stroboscoping can be used to perform an exact comparison of two athletic performances 
by combining it with overlay capabilities as described in PCT International Applications 
PCT/IB99/00173 of 15 January 1999 and PCT/US/0032117 of 24 November 2000. 
[0041] Stroboscope sequences can be used also to visually index sports events. 

For Internet-based content delivery, for instance, they can provide a quick and intuitive 
interface to select and recall a specific portion of an athletic gesture, as a starting point for 
more detailed analysis and graphical enhancements. 



7 



